INTRODUCTION
Annexins are a family of highly conserved proteins, which are characterized by their Ca 2+ -dependent binding to phospholipids (1) . They are widely expressed and have been demonstrated to reside in one or more membraneous structures depending on the cell type or tissue analyzed. As any one cell might express up to ten different annexins, the understanding of the distinct physiological role of each annexin still remains elusive (1, 2) . In recent years several annexins including annexin 2 and 6 have been found at the plasma membrane, in endocytic and secretory vesicles and have directly been implicated in the regulation of different steps of endo-and/or exocytic trafficking pathways (1) (2) (3) (4) . In contrast to the defined roles of certain annexins in endocytic trafficking (5) (6) (7) , the importance of annexin 6 in endocytosis is still unclear (for a recent review see (8) ). Recently it was suggested that annexin 6 is involved in the remodeling of the spectrin cytoskeleton at the cell surface during receptormediated endocytosis (9, 10) . Complex protein-protein interactions ultimately facilitate the release of clathrin-coated vesicles from the plasma membrane, although the involvement of annexin 6 is not being instrumental in the budding event itself as previously hypothesized (9) . Besides being localised at the plasma membrane annexin 6 is also found in other membrane structures of the endocytic and exocytic compartment [11] [12] [13] [14] [15] [16] [17] . In previous studies we were able to demonstrate that annexin 6 is localized predominantly in the apical endosomes of rat hepatocytes (17) , but also in the pre-lysosomal compartment of NRK 1 or WIF-B cells (18) .
Little is known about how the cells control the topologic intracellular distribution of annexin 6. Although the majority of annexin 6 are most likely targeted to membranes via Ca
2+
-dependent binding to negatively charged phospholipids, recent findings suggest that other components such as acidic pH and cholesterol could also stimulate the membrane binding affinity of annexin 6 (19, 20) . Golzak and coworkers demonstrated that acidic pH stimulates the binding of porcine liver annexin 6 to phospholipid bi-and monolayers in a Ca
-independent-manner (19) . Lowering the pH 1 Abbreviations used: NRK; Normal rat kidney; CHO, Chinese hamster ovary; FCS, fetal calf serum; 4 seems to induce conformational changes of annexin 6 leading to increased hydrophobicity and membrane binding affinity (21, 22) . Most of the results obtained for the potential role of cholesterol affecting the membrane binding of annexin 6, are derived from studies on another member of the annexin family in the early endosomal compartment, annexin 2, which also binds to biological membranes in the absence of calcium (20, (23) (24) (25) (26) (27) (28) . Approximately 50% of annexin 2 is associated with endosomal membranes from BHK cells in a Ca
-independent manner (23) (24) (25) . However, low concentrations of cholesterol-sequestering agents like filipin or digitonin quantitatively released annexin 2 from the membranes (23, 24) . This is in agreement with the restoration of the Ca
-independent membrane association of annexin 2 to cholesteroldepleted chromaffin granule membranes after cholesterol replenishment (26) . -regulated and reversible association of annexin 6 with the membrane-cytoskeleton in smooth muscle cells (30, 31) . The Ca
-dependent association of annexin 6 with lipid rafts was observed in synaptic plasma membranes of rat brain (32) . Similarly oxidative stressinduced changes in intracellular Ca 2+ -concentrations were accompanied by the translocation of annexin 6 from the plasma membrane to the cytoplasm (33) . Besides these Ca
-induced changes we recently described the ligand-induced translocation of annexin 6 in response to LDL uptake (34) . In these experiments accumulation of LDLcontaining vesicles was accompanied by an increased amount of annexin 6 in the late endosomal compartment (34 Annexin 2 and caveolin proteins were detected with the antibodies described above.
After incubation with peroxidase-conjugated secondary antibodies the reaction product was finally detected using the ECL system (Amersham). 
Immunofluorescence

Crude membrane preparation and subcellular fractionation
For the preparation of crude membranes and endosomal membrane fractions 4 -6 x 10 7 CHO wild-type or CHOanx6 cells were lysed and separated on sucrose gradients as described (34) . After cell lysis the homogenate was centrifuged and the postnuclear supernatant (PNS) served as a crude membrane extract. For the isolation of early and late endosomes the PNS was prepared according to the protocol of Gorvel et al (40) . Aliquots of each fraction were assayed for ß-hexosaminidase activity as described (34, 41 analyzed for the distribution of annexins and caveolin. For the binding of GSTannexin 6 to ± U18666A-treated early and late endosomes 3 µg GST-annexin 6 was incubated in the presence of Ca 2+ (0 -50 µM) with 100 µl late endosomal fraction for 30 min at 4°C. Membranes were pelleted as described above and aliquots of the membrane and unbound fraction were analyzed for the distribution of GST-annexin 6.
Cholesterol determination
The amount of cholesterol in early and late endosomes of cells incubated ± U18666A
was determined with the Amplex TM Red Cholesterol Assay kit (Molecular Probes). 
Cholesterol sequestration reduces annexin 6 binding to early and late endosomes
In CHO cells annexin 6 is predominantly found at the plasma membrane and in the endosomal compartment (34, 38) . Therefore early and late endosomes from CHOanx6 cells were analyzed to study the potential role of cholesterol on annexin 6 membrane binding in the endosomal compartment. Similar to the experiment described above early and late endosomes from CHOanx6 cells were pre-treated with 5 mM EDTA. 
Cholesterol accumulation in late endosomes leads to the increased binding of annexin 6
Uptake of LDL is accompanied by a concomitant translocation of annexin 6 into in the late endosomal/pre-lysosomal compartment (34) . As cholesterol is a major constituent of LDL which, after internalisation, accumulates in the late endosomal compartment we hypothesized that LDL-derived cholesterol could stimulate annexin 6 binding to late endosomes. To mimick increased levels of LDL-cholesterol in late endosomes, CHOanx6 cells were incubated with U18666A, a pharmacological agent, that impairs the intracellular transport of internalised cholesterol and leads to the accumulation of cholesterol in late endosomes (37) (see also Fig. 4A and 5B). Early and late endosomes from CHOanx6 and CHO wild-type controls were isolated after incubation with U18666A (5 µg/ml) for 6 -24 h and analyzed for their cholesterol content and annexin 6 distribution. In early endosomes from CHOanx6 the U18666A treatment did not significantly increase the cholesterol content ( Fig. 4A and B) . In contrast 6 hours incubation with U18666A was sufficient to induce a dramatic increase of cholesterol in late endosomes of CHOanx6 (Fig. 4 A, Taken together these findings indicate that increased cholesterol concentrations in late endosomal membranes stimulates annexin 6 binding and leads to a redistribution of annexin 6 proteins within the cell.
Annexin 6 co-localises with cholesterol-rich late endosomal structures.
To confirm that annexin 6 was recruited to late endocytic structures in response to cholesterol accumulation, we first performed immunocytochemical analysis of control and U18666A-treated CHOanx6 cells. Images were acquired either by a digital camera (Fig 5A-F) or by confocal microscopy (Fig. 5G, H) . Incubation of U18666A-incubated CHOanx6 cells with mouse monoclonal anti-LBPA (36) and filipin (0.2 mg/ml) confirmed the accumulation of cholesterol in late endosomes (Fig. 5A, B) . filipin demonstrated an altered distribution of annexin 6 after U18666A-treatment ( Fig. 5C-F) . Finally confocal microscopy identified increased co-localization of annexin 6 and LBPA indicating that U18666A-induced cholesterol accumulation leads to the translocation of annexin 6 to the late endosomal compartment (Fig. 5G, H ). This contrasted with the localization for annexin 2, which was characterized by a diffuse staining throughout the cytoplasm that did not change significantly after the U18666A-treatment (data not shown).
To exclude the possibility that heterologous expression of annexin 6 in the CHOanx6 cells could in part be responsible for the U18666A-induced translocation of annexin 6 to cholesterol-rich vesicles, similar experiments were performed with CHO wildtype controls to study the effect of U18666A treatment on annexin 6. Due to the low annexin 6 levels the endogenous annexin 6 could not be visualized by immunofluorescence analysis in CHO cells (data not shown). Therefore digital and confocal microscopy of NRK cells that constitutively express annexin 6 at higher levels was performed. Similar to the results obtained from CHO cells, U18666A treatment resulted in a strong accumulation of cholesterol in LBPA positive, perinuclear vesicles (Fig. 6 compare A, C with B, D). In NRK cells, annexin 6 is found in pre-lysosomal-lgp120-positive structures, which are distinct from M6PR containing late endosomes (18, 38) , which is in agreement with the minor co-localization of annexin 6 with the late endosomal marker LBPA (Fig. 7A, C, E) . However, U18666A treatment was followed by an increased co-localization of annexin 6 with LBPA,
indicating that cholesterol accumulation in late endosomes of NRK cells leads to an increased association of annexin 6 with these vesicles (Fig. 7 , compare E and F).
Therefore cholesterol seems to have a general regulatory role for the membrane binding and intracellular location of annexin 6 in different cell types.
U18666A stimulates the binding of GST-annexin 6 to late endosomes.
The elevated levels of annexin 6 in late endosomes of U18666A-treated CHOanx6 cells could be due to an increased membrane binding affinity of annexin 6 for cholesterol-rich membranes. Therefore early and late endosomes from CHO wild-type cells were incubated with U18666A and the membrane binding affinity to GSTannexin 6 in vitro was analyzed (Fig. 8) . Early endosomes from untreated CHO cells were characterized by its high affinity binding to GST-annexin 6 (Fig. 8, lane 1, 2) . In contrast, the majority of GST-annexin 6 was found in the unbound fraction after -dependent binding of GST-annexin 6 was analyzed, we observed a higher binding affinity of GST-annexin 6 to late endosomes of U18666A-treated cells compared to late endosomal fractions from untreated controls (data not shown).
Therefore, despite the EDTA-resistant membrane binding of some annexin 6 ( Fig. 1-3 ), a potential role of Ca 2+ in the U18666A-induced binding of GST-annexin 6 to late endosomes cannot be excluded. In previous studies we have demonstrated that annexin 6 is predominantly associated with acidic, pre-lysosomal, compartments of non-polarized as well as in polarised cells (18, 38) . These findings could indicate a pH-dependence of annexin 6- CHO wild-type cells were incubated ± 2 µg/ml U18666A for 24 h and early (EE) and late endosomes (LE) were isolated as described. 100 µl of early and late endosomes were incubated with 3 µg of GST-annexin 6 for 30 min at 4°C. Membranes were pelleted and the amount of membrane-bound and unbound GST-annexin 6 and annexin 2 in the supernatant (Sup) and membrane pellet (Pel) was determined as described in Figure 4 .
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